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主要研究胸腺素 α原分别联合白介素-2 和 γ-干扰素，对荷瘤小鼠的肿瘤抑制效
果，实验结果证明胸腺素 α原联合白介素-2 的抑瘤效果优于单独使用。对肿瘤
组织进行 H&E 染色，观察肿瘤细胞，可看出被抑制肿瘤细胞的凋亡状况。另外，
通过 MTT 法证明，在体外环境中加入胸腺素 α 原，不能促进或是抑制肿瘤细
胞生长，说明它是通过调节免疫功能达到间接抑制肿瘤的效果。分离获得肿瘤
抑制实验中的小鼠血清样品，通过 ELISA 方法分析其中 γ-干扰素和肿瘤坏死因




织，采用半定量反转录-聚合酶链反应方法检测肿瘤组织中 TLR2 和 TLR4 的表
达量。在本实验中，发现胸腺素 α 原联合白介素-2 的小鼠肿瘤组织中，TLR2
和 TLR4 表达量均较其他组低，同样说明胸腺素 α 原联合白介素-2 通过某种发
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Abstract 
  Prothymosin alpha (ProTα) is the precursor protein of thymosinα1（Tα1）, it is a small 
molecule of natively unstructured acid protein. it widely exists in mammalian tissues. It 
could be found in lymphoid tissue as well as in non-lymphoid tissues. in the exterior of 
cell, Prothymosin alpha, as a nucleoprotein, participate in the regulation of cell cycle, 
promote Cell Proliferation; But in extra cellular the ProTα could regulate immune 
response through potential membrane receptor, promote production of many kinds of 
cytokines, such as IFN-γ、TNF-α、IL-2, then enhance cellular immunity and humoral 
immunity. 
As an immunological regulation factor, ProTα has obvious effect to inhibit 
tumor-growing. The present experiments were mainly paid attention to studying the 
anti-tumor effect that ProTα combined with IL-2 or TNF-α. The results indicates that the 
tumor mass treated by ProTα and IL-2 were smaller than those control group and the 
group treated with ProTα and IL-2 separately.H&E staining with tumor tissue to observe 
the tumor cell’s apoptosis. For the more, through MTT assay, when ProTα was added in 
culture medium, it could not inhibit nor enhance tumor cells growth. The result proved 
that the mechanism of ProTα did not inhibit the tumor cell directly.  
Therefore we analyzed the regulation effect of ProTα to immunity function, especially 
to the cellular immunity, The ELISA assay was used to detect the concentration of IFN-γ 
and TNF-α in blood serum come from the mice with tumor. The result indicated that the 
mice treated with ProTα and IL-2 had higher concentration of IFN-γ and TNF-α than 
those of control group and treat with only ProTα and IL-2 separately，and also much 
better than those of treated with ProTα combined with TNF-α these results proved that 
the combination of ProTα and IL-2 could enhance immunity and inhibit tumor growth . 
The SqRT-PCR assay was used to detect the expression level of TLR2 and TLR4 in 
tumor tissue. The result indicated that the mice treated with ProTα and IL-2 had lower 
expression level of TLR2 and TLR4 than that of other groups, which means ProTα and 
IL-2 could inhibit the expression of TLR2 or TLR4 through certain signal pathway.  
In conclusion, as an immunological regulation factor, ProTα could inhibit tumor’s 
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results provided evidences to reveal the mechanism of ProTα that inhibit the tumor 
growth, it would benefit to further study and development the inhibit drug with combining 
ProTα in clinic application. 
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第一章 前言 












。胸腺素α原（prothymosinα，ProTα）的 N端含有完整的 Tα1 28 肽。














（氨基酸残基 87-88 和 101-104），次位点由 KKQK 和 KRAA 两部分
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能，在体外分离过程中，谷氨酰胺磷酸会迅速水解，并将磷酸基团转移到 N 端
第 1 位乙酰化的 Ser 残基上（人胸腺素 α 原）或转移到 N 端前 14 位非特异的






中的含量 高， 并且在种属间高度保守。以前认为 ProTα 原只存在哺乳动物
细胞中，近年在非哺乳脊椎动物 Rana esculenta 蛙的睾丸和哈德氏腺体中也发
现了呈时空性表达的胸腺素 α 原，与哺乳动物胸腺素 α 原具有高度的同源性
[11,12]




由 109 个氨基酸残基组成的，与人的胸腺素α原序列相比较只有 2个位点的差





















I 标记胸腺素 α 原的方法研究了 2 类
人淋巴细胞亚群（YT 淋巴细胞和淋巴母细胞）上的胸腺素 α 原受体，发现在
人淋巴母细胞膜表面存在 2类胸腺素α原受体，一类是高亲和力受体，另一类
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附分子和 CD25 的表达以及淋巴细胞活化等免疫调节活性。胸腺素 α 原在核内
和胞外的作用机制可能不同。胸腺素 α 原与 Tα1 一样具有免疫调节作用。与
大鼠胸腺素 α 原相比，人胸腺素 α 原的作用要弱，其中原因可能是其 C 端氨
基酸残基序列的差别。胸腺素α原能刺激单核细胞释放转移抑制因子（MIF），
其作用比 Tα1 强 10-20 倍
[28]


























































的胸腺素 α 原的活性受其磷酸化水平的直接影响。目前已经找到胸腺素 α 原



























胸腺素 α 原从细胞核转移到胞浆和胞外，由于胸腺素 α 原不能在核内积聚而
削弱了其核内与增殖相关的功能。这种现象并不见于正常细胞。细胞核和细胞




































胸腺素 α 原所具有的胞外免疫调节作用，胸腺素 α 原在疾病早期可以通过增





































IL-2 能增强 T 细胞的杀伤活性，在体外与 IL-3 ，IL-5 和 IL-6 一起共
同诱导细胞毒性 T 细胞(Tc)的产生，并使其活性大大增强;在体内 IL-2 也能增
强抗原诱导的 Tc 活性，增强其抗肿瘤效果，同时还可诱导 T 细胞分泌 IFN-γ，
TNF ，CSF 等细胞因子。IL-2 可促进 NK 细胞增殖，在体内、外均能增强 NK 细
胞对肿瘤细胞的杀伤活性。还能促进 NK 细胞分泌 IFN-γ，增加其表达 IL-2Rα
亚基等。IL-2 可促进 LAK、TIL 细胞的体外存活、扩增及活化淋巴因子激活的
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